Summinary. Six dichloro-, 3 trichloro-, 2 triiodo-, and 3 heterosubstituted benzoic acids (amiben, dinoben, dicamba), and N-1-naphthylphthalamic acid have been tested for effects on growth and on polar auxin transport. Growth activity with and without kinetin was measured by effects on fresh and dry weights of 30-day cultures of fresh tobacco pith. Transport inhibition was measured by following uptake and output of IAA-2-14C through 10 mm bean epicotyl sections. The distribution of callus growth on vascularized tobacco stem segments was also observed. Avena first internode extension assays established the relative activities: dicamba> amiben> dinoben suggested by pith growth results. Growth effects of active compounds were similar with and without kinetin, except that amiben was less active with kinetin, while 2, 3, 6-trichlorobenzoic acid was more active with kinctin than alone. The weak auxin activity of NPA was confirmed. Transport experiments showed that NPA was the most inhibitory compound tested, followed by TIBA. Other compounds tested were at least 300 times less inhibitory to IAA transport. The best growth promoters were the least inhibitory to transport, and the most effective transport inhibitors were at best poor auxins. It is suggested that the weak auxin and auxin synergistic activity of TIBA (and perhaps 2, 3-dichlorobenzoic acid) in extension growth tests arises from its inhibition of transport of endogenous or added auxin out of the sections, rather than from its intrinsic auxin activity. Chemically induced apolar callus growth on vascularized tobacco stem explants can arise from inhibition of native auxin transport, apolar growth stimulation by auxinic action of the test compound, or both.
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Prior studies (10, 11, 20, 22, 23, 24, 25, 32) of the effect of chemicals on polar auxin transport have shown that those which A) interfere with ATP formation ( 3DNP), B) are sulfhydryl binders (TIBA, iodoacetate, PCMB) or C) are weak (NPA, 2,5-dichlorobenzoic acid) or strong (2,4-D) auxins can all decrease the amount of IAA reaching a receptor block from the basal end of a section of stem tissue to whose apical end it has been applied. A limited survey of 10 phenoxyacetic acids (24) showed that transport inhibition increased with the number of substituted chlorine atoms up to 3, and that the active molecules tended to have higher This studN' was aided by funds from the National Science Foundation, Grants C 14545 and GB 153. 2 Present address: Department of Botany, Duke University, Durham, North Carolina. 3 The following abbreviations and trivial names are used throughout: DNP = 2,4-dinitrophenol, NPA = N-1-naphthylphthalamic acid, PCMB = p-chlorophenylmercuribenzoate, 'rIBA -2,3,5-triiodobenzoic acid, amiben = 3-amino-2,4-dichlorobenzoic acid, dicamba = 2,5-dichloro-6-methoxv benzoic acid, dinobein = 2,5-di- Short-term measurements of transport (fig 2) indicated that the amount of IAA appearing in the receiver increases approximately exponentially with time during the first 2 hours; it is difficult to extrapolate back to a clear-cut time at which the auxin front appears.
Effects of ComIpounds. All 6 dichlorinated benzoic acids were tested, and their effects are shown in figure 3 . These compounds were tested in pairs with 1 set of tuntreated controls for each pair. The Transport Experinments. The Transport System.
Prior to testing the compounds, several aspects of the transport system were studied. The rate of both acropetal and basipetal IAA uptake from the donors is shown in figure 1A , and output into receivers in figure iB, over a 24-hour interval. On the basis of these data, 4 hours was chosen as the standard interval for tests of compounds for transport inhibition. It allowed enough radioactivity to come through to count conveniently, but did not yet represent a maximum value and should therefore be sensitive to small effects. Figure lB shows the degree of polarity of transport in this tissue. Radioactive IAA applied to the apical ends moved through rapidly, appearing in the receiver after 40 to 80 minutes. When similar donor blocks were applied to the basal ends of inverted sections, no counts above background were meastured tuntil 24 hours, by which time difftusion could have accouinted for the observed amount. Table IV illtustrates that the transport system can be saturated in this tissue. If the donor concentration is increased 5-fold, the receiver concentration at best is only about douibled after 5 hours. Yet the rate of uiptake from the donor to the tissuie On the basis of the clrves in figutre 4 one canl thuis ranik these compoulnds ill the following approximate or(ler of (lecreasing transport inhibition: NP.\ > TIBA > > > 2, 3, 5-trichlorobenzoic acidl > (dinoben, 2,4-D > amiben, dlicaml)a, 2, 3, 6-trichlorobenzoic aci(l. 
Discussion
Growth Experimiients. These data are of interest from 2 viewpoints, discussed in order below.
Differential Effects With and Withouit Kinetin.
The most active auxins (2, 5-dichloro-6-methoxy-;
3-amino-2, 5 dichloro-; 2, 5-dichloro-3-nitro-; and 2, 3, 6-trichlorobenzoic acids) promoted growth with cell division in the presence of kinetin as well as cell enlargement when givren alone. Both 3-amino-2, 5-dichlorobenzoic and 2, 6-dichlorobenzoic acids appeared to be less effective relative to IAA when kinetin was present than when they were supplied alone. The reverse sittuation appeared to obtain for 2, 3, 6-trichlorobenzoic, which was active at lower concentrations with kinetin than when given alone. The other active compounds had about the same relatixe activity with kinetin as withotut. Hicks et al. (13) have reported a survey of all the mono-and di-chlorinated benzoic acids, as well as 14 mono-, di-, and tri-substituted phenoxyacetic acid derivatives, and the respective parent compounds, for their effects, with and without kinetin, on both cell expansion and calcitum-induced cell division in Terusalem artichoke tuber tissue (2).
Of the dichlorinated benzoic acids, they found that the 2, 3-, 2, 5-and 2, 6- (13, 21, 27) are the 2,3-, 2,5-, and 2, 6-isomers. The 2, 5-derivative seemed to be the most active. In our hands the 2,6-isomer gave the greatest growth response, while 2, 3-and 2, The failture of TIBA to promote pith growth confirms the data of Niedergang-Kamien and Skoog (25) for stem segments containing vascular tissue, but is at variance with its reported synergistic effect on low levels of endogenous auxin (31) or added IAA (1, 31) , and its reported stimtulation of section growth (21) . These differences can be accounted for on the basis of the strong inhibition by TIBA of polar auxin transport. In stem or coleoptile elongation tests, the tissues are seldom totally depleted of endogenous auxin dturing the entire growth period. This atuxin is contintually being polarly transported out the basal end of the section and diluted in the surrounding mediuim. If a strong transport inhibitor such as TIBA should prevent the exit of atlxin, its concentration in the tissue would increase and greater extension would ensue.
Support for the concept that auxin continuouisly flows through stem sections floating in solutions of IAA, and thus by inference that endogenous auxin would be continuouisly excreted, is found in the results of Hertel and Leopold (12) , who showed that short sections of Zea coleoptiles floated on solutions of radioactive IAA accumulated more 14C when TIBA was also present in the medium. They interpreted the data as showing TIBA inhibition of basal IAA secretion, but not apical uptake.
The failure of 2, 3-dichlorobenzoic acid, also active in extension assays, to stimulate growth of tobacco pith might be explained on the same basis, inasmuch as we have found it to be the most potent inhibitor of polar transport among the dichlorobenzoic acids. The failure of 2, 5-dichlorobenzoic to stimulate pith growth is less clear on this basis, because it was rather less active as a transport inhibitor than 2, 3-dichlorobenzoic. Moreover, both these compouinds were active in the Jerusalem artichoke tuber tissue system (13), which presumably was not susceptible to influences on polar auxin transport.
Transport Experimii-ents. There are 2 features of the transport system in bean epicotyl which warrant fuller consideration in another context, hence will be only mentioned here. The first is that there seemed to be no sharp front of auxin activity moving into the receptor blocks. Rather, output initially was approximately exponential, suggesting that the distribution of IAA-14C in the tissues declines logarithmically from the source, as one might expect if complexing or destruction were to remove some of the auxin from the transport stream at each cell (15) . The second feature is that after about 8 hours the concentration in the receiver again decreases (fig 1B) . Each point on the time curve was determined by counting receptor blocks which had been in continuous contact since time zero, hence the decrease must represent either reentry of the radioactivity into the basal ends of the sections or degradation of the auxin by plant enzymes or by bacteria, with release of the "'CO2 into the atmosphere. The later explanation is doubtful for 2 reasons; First, the IAA was labelled in the 2-carbon atom of the side chain, which is not readily lost upon oxidation, and second, the rate of decrease is greater between 8 and 12 hours than between 12 and 24 hours. This latter portion of the output curve roughly parallels the initial uptake curve from the donors (fig 1A) , the rate depending on the donor concentration. If bacterial degradation were occurring, one would expect the rate of decline to increase with time as the organisms multiply.
Although the above observations suggest that some metabolic interconversion of IAA takes place within the stem sections, all of that fraction of the radioactivity which entered the receptor blocks appeared upon chromatography to be unaltered IAA (unpublished results from this laboratory). Pilet's demonstration (26) that radioactive IAA in Lens epicotyl sections is pushed out by unlabeled IAA applied subsequently to the apical ends, and conversely, unlabeled IAA in the tissues moves into the receptors ahead of a radioactive IAA chaser, and that TIBA inhibition of output results in decreased uptake, suggests the amount leaving the donor is apparently determined by the rate at which not only destruction or complexing occurs but also transport operates, the auxin concentration gradient between donor and tissue being influenced by both systems.
.Structutre/Activity Relations. Upon comparing growth promoting and transport inhibiting activity of the compounds tested, one finds that in general the most active auxins (2, 6-dichloro-, 2, 3, 6-trichloro-, 2,5-dichloro-6-methoxy-, and 3-amino-2, 5-dichlorobenzoic acids, 2, 4-D) are the least active transport inhibitors. Conversely, NPA, by far the most active transport inhibitor tested, is at best a very poor auxin, and TIBA, another potent transport inhibitor, is inactive in the pith growth assay. Both 2,3-and 3, 5-dichlorobenzoic acids, the most inhibitory to transport of the dichlorinated benzoic acid series, were also inactive in the pith growth test, although they both caused some redistribution of callus growth on vascularized tobacco stem explants.
These data support the contention of NiedergangKamien and Skoog (25) that the chief mode of action of TIBA and some other weak auxins at low levels is on auxin transport rather than on growth itself. Both TIBA (11, 12, 16, 17, 22, 23, 25, 26, 32) and NPA (19, 20) It has frequently been assumed (20, 22, 24) 
